INTRODUCTION
Biliary tract cannulation is the critical step in diagnosis and treatment of biliopancreatic diseases during endoscopic retrograde cholangiopancreatography (ERCP). Catheter introduction through the papillary ostium fails in 5% to 20% of the patients [1, 2] . Several alternatives can be used for difficult cases, such as double-guidewire, pancreatic stent, rendezvous, precut papillotomy, transpancreatic sphincterotomy and papillary fistulotomy (PF) techniques. Acute pancreatitis after ERCP is the most feared complication. It is also one of the most frequent, with an incidence of 1% up to 10% or more, and a mortality of 0.1%-1% [3] . Selective cannulation of the biliary tract, thereby avoiding the pancreatic duct, can curb the mechanisms that trigger pancreatitis, and therefore prevent its occurrence. The precut sphincterotomy has been identified as an independent risk factor of postERCP pancreatitis (PEP). It is unclear whether prolonged cannulation attempts, or precut incisions are to blame. Studies suggest that an early precut is a protective factor, compared to persistent attempts at cannulation [4, 5] . However, all protocols that found a lower risk of PEP with a precut technique were performed at specialized centers, and the use of pancreatic stents was limited and inconsistent.
There are few investigations in which the precut and PF techniques were initially employed, to access the biliary tract [6] [7] [8] . The PF technique is based on accessing the bile duct far from the pancreatic duct, by sectioning the papilla proximally, and thus avoiding the ostium (proximal half of the papilla). PF was initially described by Osnes et al [9] . These authors observed a spontaneous choledochoduodenal fistula during ERCP. Contrast injection through the fistula detected bile duct stones. After enlargement of the fistula with a diathermic snare, the patients were observed for a few days with the spontaneous exit of the stones. Sakai et al [10] reported a pancreatitis occurrence rate of 7.6% in 2001, particularly in the setting of previous manipulation of the papilla, and trauma to the pancreatic duct, after several frustrated attempts at biliary tract cannulation. The main objective of this study was to evaluate the success of the PF technique, in the cannulation of the biliary tract. The secondary objective was to assess the enzyme profile and ensuing complications, in comparison with direct cannulation.
MATERIALS AND METHODS
From July 2010 to May 2017, candidates for ERCP due to choledocolithiasis were recruited at Ana Costa Santos Hospital and the Endoscopy Unit of the Clinical Hospital, Faculty of Medicine, University of Sao Paulo. Enrolled patients were randomized for conventional cannulation with a catheter and guidewire (Group Ⅰ) and PF (Group Ⅱ).
Inclusion criteria were adult (both sexes) with choledocholithiasis and diagnosis by abdominal ultrasound, computed tomography (CT), cholangio resonance, or intraoperative cholangiography. Exclusion criteria were Billroth Ⅱ gastrectomy, duodenal obstruction, coagulopathy or anticoagulant use, pregnancy or lactation, acute pancreatitis, myocardial infarction in the last 6 mo, previous papillotomy, or refusal to participate in the study. 
Group Ⅰ
Cannulation of the papillary ostium was performed using a 4.4 Fr sphincterotome (TRUEtome; Boston Scientific) with a 0.035-inch guidewire (Jagwire; Boston Scientific). A pure cut current (50 watts), applied in short-duration pulses, was adopted to perform papillotomy. A 30-watt pure cut current was indicated for intradiverticular papillae, and the complementation of fistulotomies (Figures 1 and 2) .
A difficult cannulation was recognized if it took > 10 min, required > 5 cannulation attempts, or when > 2 pancreatic duct penetrations occurred. Difficult cases were referred to PF. Pancreatic plastic stents were placed in case of prolonged procedure.
Group Ⅱ
Incision was made on the mucosa, using a needleknife catheter (MicroKnife XL; Boston Scientific), in distal to proximal direction, aiming at the papillary apex. It involved the proximal two-thirds of the papillary protuberance, and above the papillary orifice (approximately 5 mm far from the ostium). A pure cutting current (30 watts) was used to section the mucosa and the choledochal sphincter. The dissection was stopped when biliary secretion, open bile duct mucosa, or bulging of the bile duct mucosa was identified. The fistula was cannulated into the bile duct with a guidewire and sphincterotome, and it was enlarged by cutting the sphincter, to the limit of the transverse mucosal fold.
The PF procedure was stopped when there were signs of perforation, false route, major bleeding, loss of anatomy, or if cannulation of the bile duct was not achieved within 15 min. In these cases, the procedure was repeated after 5 to 7 d.
Enzymatic abnormalities (serum amylase and lipase) were documented up to 24 h before the examination (T0), as well as 12 h and 24 h after the endoscopic procedure. The diagnosis of acute pancreatitis was based on persistent or worsening abdominal pain 24 h following ERCP and abnormal laboratory data, complemented by imaging methods. An amylase or lipase concentration of more than three times the upper limit of normal was considered diagnostic [11] . Hyperamylasemia was defined as amylase and/or lipase 3 times the upper limit of normal (> 300 U/L), without clinical features of pancreatitis. Inflammatory changes were monitored by serum C-reactive protein, collected at the same times.
A duodenal perforation was defined as gas or contrast accumulation in the retroperitoneum detected by simple X-ray of the abdomen. Endoscopic evidence, and clinicallaboratory findings consistent with bleeding were carefully monitored. These included bloody vomit or stools.
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median, minimum and maximum, whenever appropriate. Student's t test and Mann-Whitney test were used for comparisons, depending on initial normality assessment. Qualitative characteristics were informed as absolute and relative frequencies, and compared by means of chi-square, Fisher's exact test, and likelihood ratio test [12] . Pancreatic enzyme curves were compared by generalized estimating equations (GEE), with gamma marginal distribution and identity link function, within a first order autoregressive correlation matrix between the evaluation times.
RESULTS
A total of 102 patients were selected and randomized into Group Ⅰ (51 patients) and Group Ⅱ (51 patients). There were no post hoc exclusions. Table 1 demonstrates that the demographic and preliminary clinical findings were comparable (P > 0.05).
As informed in Table 2 , choledocholithiasis was confirmed in 80.4% and 62.7% of Groups Ⅰ and Ⅱ, respectively (P = 0.048). The success rate for biliary duct cannulation was higher in Group Ⅱ (100%) than in Group Ⅰ (76.48%) (P = 0.0002). PF was performed in a single session. Dilated intrahepatic and extrahepatic bile ducts, and placement of biliary stents, were not different between the groups (P > 0.05). No difference in the risk of pancreatitis could be accounted to either intrahepatic or extrahepatic dilatation.
Intra-or peridiverticular papillae were observed in 15.7% and 3.9% of the populations, respectively (P = 0.046). Twelve cannulations (23.5%) were classified Whenever the problem was suspected, hemoglobin concentration was serially measured, starting at 12 h after the intervention, and compared with preprocedure values, with hemoglobin drop of 2 g/dL.
Patients were admitted for 24 h after the endoscopic procedure and under fasting condition. Asymptomatic patients without laboratorial or radiological signs of pancreatitis or other complications were discharged after 24 h and contacted by phone call 36 h and 48 h after discharge to ensure there were no symptoms. Any symptomatic patient would be referred to the hospital for clinical and laboratorial assessment. If a complication occurred, the patient remained hospitalized until complete recovery was observed. All complications were managed using a multidisciplinary approach and according to international guidelines, with consensus between the Endoscopist and Surgeon.
Sample size calculation
Calculations were based on similar studies, reporting a biliary cannulation failure rate of 5% to 20% [1, 2] . Adopting a 95% confidence interval of 3.65, a total population of 90 patients, and a minimum method failure rate of 2% (total ERCP success of 98% as maximum), 35 patients were deemed necessary per group. For safety, 51 patients were allocated to each group.
Statistical analysis
Analyses were performed with IBM SPSS for Windows version 20.0. The significance level was 5%. Randomization employed sealed envelopes, and descriptive statistics comprised mean ± SD as well as as difficult, thus migrating to the PF technique ( Figure  3) . Groups Ⅰ and Ⅱ had complication rates of 13.7% and 2.0%, respectively, which barely failed to reach significance (P = 0.0597). Two perforations and five cases of pancreatitis were observed in the first group, compared to a single case of retroperitoneal perforation and pancreatitis in the second one. Table 3 reveals that the number of cannulations, as expected, was significantly different in the difficult cannulation group (P < 0.001), unlike ERCP findings, stent placement or complications (P > 0.05).
In Table 4 it can be appreciated that both lipase and amylase differed between the groups and over time (P = 0.026 and P = 0.013, respectively). In contrast, no discrepancy for C-reactive protein was detected regarding groups (P = 0.189) or time (P = 0.07).
Figures 4-6 depict the amylase and lipase elevations in Group Ⅰ patients. C-reactive protein, as alluded to, failed to exhibit discriminant patterns.
DISCUSSION
Pancreatitis is the most frequent complication of ERCP, occurring in as many as 15.1% of the patients [6] [7] [8] 13, 14] . It is associated with considerable morbidity and mortality. Precut techniques have been associated with a high risk of PEP in previous studies [7, 8, [15] [16] [17] . A difficult cannulation is an independent risk factor [18, 19] . The failure rate of primary biliary tract cannulation, with the use of a sphincterotome, was calculated as 2.5%-24% without a guidewire [20] [21] [22] [23] and 1.5%-10% [21, 23, 24] adopting the wire. The American Society for Gastrointestinal Endoscopy benchmark for cannulation success during ERCP procedures of low to moderate complexity is > 90% for all indications [25] . In this study, the primary success rate was 76.5%, with 9.8% of PEP. Difficult cannulation occurred in 12 patients, yet access was achieved via PF in all these individuals. The high failure rate (23.5%) may be explained by the participation of fellows, who are less experienced, thus making additional attempts by endoscopists with greater expertise required. Nevertheless, papillary trauma eventually inflicted during the first intervention may hinder subsequent access, thus compromising the overall success rate. Common bile duct stones were not found in all cases during ERCP, possibly on account of the long period that had elapsed since the original diagnosis in the primary care institution. It is important to mention that per protocol, PF was conducted directly, without prior manipulation by conventional techniques. Cannulation of the bile duct using PF was accomplished in all patients in Group Ⅱ. Three previous studies with a similar design displayed 89.3%-96.5% success rates for fistulotomy [26] [27] [28] . In the control group (conventional technique), the corresponding values were 70.6% and 88% [26] [27] [28] .
The mean diameter of the common bile duct in this experience was 8.7 mm (5-18.2 mm). Sakai et al [10] in 2001, suggested that PF be reserved mainly for patients with a dilated common bile duct. Jin et al [27] concluded in 2016, based on 55 interventions, that a bile duct < 9 mm was a risk factor. Yet Khatibian et al [26] reported in 2008 that the diameter of the common bile duct was not relevant for need of PF.
In the current series, PF (Group Ⅱ and Failures) was performed in 28 of 63 patients (44.4%; P = 0.834); for each, being performed through the common bile duct without dilatation. No difference in the risk of pancreatitis emerged when considering the caliber of the intra-and extrahepatic biliary tracts. Bile duct stones could not be removed in the first attempt in 20.8% of the cases, due to large size; therefore, in these cases, a biliary stent was placed.
Hyperamylasemia was observed in 2 patients in Group Ⅰ (P = 0.49). Transient asymptomatic elevations in amylase, lipase, or both, range from 0 to 64% in the literature [29] [30] [31] . Asymptomatic hyperamylasemia, defined as amylase levels > 5 times the upper limit at 24 h after ERCP, has been reported in approximately 27% of the cases [32] . In our study, the number of cannulation attempts significantly correlated with increased lipase and amylase levels, at 12 h and 24 h after the procedure. In a series of 907 patients, the rates of PEP were 0.6%, 3.1%, 6.1% and 11.9% following one, two, three to four, and more than five primary cannulation attempts that led to success, respectively. PEP risk increased to 11.5% if the primary cannulation method failed [19] . In our study, PEP occurred following the guidewire cannulation (GWC) technique in 5 patients (9.8%), of which 2 (3.9%) exhibited a difficult papillary access, which was only achieved by means of PF.
No significant increase in pancreatic enzymes was observed, and the incidence of PEP was not greater in the group that underwent PF as the initial procedure; neither did the 12 patients with PF as a rescue procedure exhibit a different pattern. This demonstrates the safety of PF, whenever performed or supervised by experienced physicians. In 2016, Zagalsky et al [33] compared early precut (PCP) techniques and use of a pancreatic duct stent in 101 patients who suffered difficult cannulations. The success rates of biliary cannulation (98% and 96%), and the occurrence of PEP (4% and 3.92%) were similar between the early PCP and stent groups, respectively. Two perforations and bleeds occurred in the early PCP group, which also demonstrates the safety of the procedure compared to standard PEP prevention technique after a failed GWC.
Other recent studies have shown that precut techniques lead to an increased rate of successful deep biliary tract access and that their early use by experienced endoscopists results in a decrease in PEP [4, 27, 34] . Weerth et al [2] compared primary PCP and GWC for bile duct access and reported a success rate at the first attempt of 100% and 71%, respectively. Furuya CK et al . Papillary fistulotomy for biliary access They observed mild to moderate PEP in 2.1% and 2.9% (P > 0.05), after primary PCP or GWC, respectively. Only 1 patient (in the GWC group) suffered from postpapillotomy bleeding. In our experience, a single patient presented a retroperitoneal perforation and pancreatitis in Group Ⅱ, both of which were conservatively managed. There were two perforations (3.9%) in Group Ⅰ, and the one (1.9%) in Group Ⅱ already alluded to, which were always conservatively treated. No bleeding was observed. The negligible incidence of bleeding is consistent with previous precut studies (0-3.4%) [2, 17, 26, 28, 35] . In regards to perforation (0-1.8%), our results are also quite acceptable [2, 17, 26, 28, 35] .
In conclusion, PF was more effective than GWC, and it was associated with a lower profile of amylase and lipase, as the routine endoscopic access to the biliary tree, including difficult cases. Complications were similar in both groups.
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Research background
Successfully cannulating the biliary tract is important in the diagnosis and treatment of biliopancreatic diseases with endoscopic retrograde cholangiopancreatography (ERCP), but it can be associated with severe complications and mortality.
Research motivation
The number of papers regarding comparison between conventional cannulation versus fistulotomy is small. Our study is a well-designed approach in its matter.
Research objectives
To compare the cannulation success, biochemical profile, and complications of the papillary fistulotomy technique versus catheter and guidewire standard access.
Research methods
Patients were prospectively randomized into two groups: cannulation with a catheter and guidewire (Group Ⅰ) and papillary fistulotomy (Group Ⅱ). Amylase, lipase and C-reactive protein at T0 as well as 12 h and 24 h after ERCP, and complications (pancreatitis, bleeding, perforation) were recorded. Comparison was made of the cannulation success, biochemical profile and complications of the papillary fistulotomy technique vs catheter and guidewire standard access.
Research results
We included 102 patients, and Groups Ⅰ and Ⅱ had 51 patients each. The successful cannulation rates were 76.5% and 100%, respectively (P = 0.0002). Twelve patients (23.5%) in GroupⅠ had a difficult cannulation and underwent fistulotomy, which led to successful secondary biliary access (Failure Group). The complication rate was 13.7% (2 perforations and 5 mild pancreatitis) in Group Ⅰ versus 2.0% (1 patient with perforation and pancreatitis) in Group Ⅱ (P = 0.0597).
Research conclusions
Papillary fistulotomy was more effective than guidewire cannulation, and it was associated with a lower profile of amylase and lipase. Complications were similar in both groups.
Research perspectives
The fistulotomy demonstrated safety similar to conventional cannulation and less local trauma into the ampulla, according to the levels of the amylase, lipase and C-reactive protein.
